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Abstract
This poster outlines the results of the final stage of an
experimental study on a novel phosphorus-based flame
retardant (Phosphorus-Diglycidyl Ether of Bisphenol A) (PDGEBA), which was synthesized at U.D. and then blended into
a traditional epoxy-amine resin formulation. In the first stage of
this study, the micro-combustion calorimeter (MCC) test results
confirmed that 50% P-DGEBA was the optimal percentage for
balancing the performance (low heat release, high char yield)
and minimizing the use of the available material, which was in
scarce supply. Next, a composite fabrication technique was
developed to incorporate the P-DGEBA into woven carbon
fiber laminates with minimal waste of the synthesized
monomer. The panel fabrication approach successfully
produced panels using the autoclave technique that meets
aerospace quality specifications with a Vf of around 0.5, which
is an acceptable result for a panel manufactured to form a
woven carbon fabric. The findings of dynamic mechanical
analysis (DMA) on composite coupons showed that the Tg of
the baseline panel was 72 °C, while the Tg of P-DGEBAcontaining panels was about 82 °C. According to Cone
calorimeter results, P-DGEBA produced less heat while
increasing smoke generation and lowering the effective heat of
combustion. Interestingly, the inclusion of P-DGEBA in
DGEBA resin composites reduced their flammability by up to
28% without degrading their mechanical qualities by raising the
mixture's glass transition temperature.

Conclusion

Materials

A. Epoxy resin
EPON 825 (DGEBA) (liquid)

B. Flame Retardant (P-DGEBA)
Phosphorus-Diglycidyl Ether of Bisphenol A (Synthesized
by UD Chemistry Dept. faculty)

C. Curing Agent
Epikure 3274 (liquid)

Experimental Procedure
Step 1: Sample formulation and
mixing
The resin system was prepared by adding
all three components to a FlackTek max 60
g cup (Flacktek SpeedMixer, Landrum SC)
as follows: 21.77 g P-DGEBA, 21.77 g
EPON 825, 19.56 g EPIKURE 3274.

Step2: Composite Fabrication

Step 3: Curing

Plain weave carbon fabric were used, the mold
was fabricated by adhering a double thick layer
of vacuum bag sealant (Tacky Tape SM5127)
on an aluminum plate to frame an area of 30.5
cm x 11.5 cm, as shown in the Figure below. A
layer of nonporous release ply (Release Ease
234 TFNP, Airtech International) was placed
on the plate surface within the mold.

The curing process was done using
autoclave molding technique. The cure
cycle was ambient to 71°C (160 °F) at a
rate of 5.6 °C/min (10 °F/min). this
temperature was held for 90 minutes. The
autoclave was pressurized with nitrogen
to 309 kPa (45 psig) during the
temperature ramp.

Flacktek SpeedMixer

x Experiments with neat P-DGEBA demonstrated that the product
was liquid at room temperature, making the process of producing
reinforced composites feasible.
x Due to the structural similarity of P-DGEBA and DGEBA, the
mixing formulation was effectively completed without the need
for specific heat conditions.
x It successfully developed a technique for fabricating high-quality
carbon fabric composite laminates with a fiber volume fraction of
0.5.
x DMA analysis of composite coupons indicated that the Tg of the
baseline panel is 72 °C, whereas panels containing P-DGEBA
have a Tg of around 82 °C.
x The cone calorimeter studies revealed that P-DGEBA produces
less heat while increasing smoke generation and lowering the
effective heat of combustion.
x By adding P-DGEBA to DGEBA resin composites, the
flammability of the composites was reduced by 28% without
impacting their mechanical properties.
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Introduction
Fiber-reinforced polymer matrix composites products are
commonly used advanced materials and are found in virtually
any commodity used in our everyday lives. Due to their superior
mechanical properties, chemical resistance, and corrosion
resistance, the use of polymeric composite materials continues
to increase significantly, but their flammability behavior poses a
major drawback to their competitive market. The combustion
behavior of the polymer resin dominates the softening process,
resulting in a loss of stiffness and strength in the composite
material, which may result in structural failure particularly
under compressive stress. As a result, the polymer matrix's
resistance to fire is critical for the composite structure to
preserve structural integrity during a fire. The current study
examines the efficacy of a novel phosphorus-based flame
retardant epoxy monomer used at various concentrations in a
typical epoxy-amine resin blend. The optimum formulation will
be used to manufacture carbon fiber-reinforced composites of
high fiber volume, and their fire and mechanical characteristics
will be evaluated. Cured composite samples were also tested
using cone calorimeter at UDRI to investigate the flammability
and decomposition characteristics.

a) the composite panels after trimming them into cone calorimeter coupons and DMA bars, b) the DMA
result shows the Tg of the baseline panel is 72 °C from the tan d curve, c) the Tg of P-DGEBA
containing panels climbed to around 82 °C.
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d) Left side of picture shows con calorimeter instrument, and the right are burned composites panels e)
Heat Release Rate curve for sample control (EPON 825/Epikure 3274). f) con calorimeter results of for
sample P-DGEBA + EPON 825/Epikure 3274 sample which shows reduction of total heat release.
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